The optimal conditions for an immunofluorescence assay in HEp2 cells of a strain of foamy virus were investigated. Adsorption for 2 hr was followed by incubation at 37 ° for 65 hr. The validity of the assay was established and it was shown to be as sensitive as titration of cytopathic effect at limit dilution. The sensitivities of BHK 21, HEp 2, RK 13 and vervet ceils to foamy virus were compared and distribution of virus antigen in HEp 2 cells at various stages of infection were investigated.
INTRODUCTION
Simian foamy agents are normally assayed by determination of the limiting dilution which contains infective virus. This technique is inaccurate and the end point can only be determined after 7 to 8 days (Plummer, I962) . Since Carski (196o) had shown that fluorescent antibody methods could be used to detect foamy virus in tissue culture it was likely that fluorescein-labelled antibody could be used to develop a more rapid and accurate assay of the virus. The object of the present work was to establish the validity of such an assay and to compare its sensitivity with that of the limit dilution method. The site and time of appearance of virus antigens were also investigated.
METHODS

Virus.
A type I foamy agent (strain MK5) (Clarke & Attridge, 1968 ) was used throughout.
It was normally propagated in HEp 2 cells using Eagle's medium containing Io ~ tryptose phosphate broth and to ~ calf serum (ETC) . When all cells showed a cytopathic effect (CPE) they were scraped from the glass, sedimented, resuspended in one-tenth of the original supernatant volume and lysed by sonic vibration. This lysate was clarified by centrifugation at I5oog for 5 min. followed by Millipore filtration (pore diameter 45 °nm.) and stored in portions at -2o °.
The virus used to produce antiserum was propagated in primary rabbit kidney (RK) cultures. The cells were scraped from the glass when the CPE was widespread, sedimented in a bench centrifuge and resuspended in one tenth the original volume of supernatant fluid. This suspension was either used immediately for immunization or stored at -20 °.
Antiserum. The infected RK cell suspension was emulsified with an equal volume of complete Freund's adjuvant and used to immunize rabbits by direct intra-lymph node injection (Newbould, I965) followed after 4 weeks by weekly intravenous boosts without adjuvant. The rabbits were first bled 8 weeks after the initial injection, and sera from serial bleedings of each animal were pooled. The best antiserum, with a neutralization titre of I : 50o0 as determined by CPE inhibition and a complement-fixing titre of I : 640, was conjugated with fluorescein isothiocyanate.
Infection of cells for fluorescence assay. An equal volume of clarified virus and HEp 2 cells
(final concentration 2.0 × lO 5 cells/ml.) were mixed and shaken at 37 °. At intervals I.O ml. of this suspension was centrifuged and the resulting pellet was resuspended in 5"o ml. ETC and added to a 5 cm. plastic Petri dish containing coverslips. This was incubated at 37 ° in the presence of 5 % carbon dioxide. The coverslips were removed at intervals for fluorescent antibody staining of cells.
Staining and counting procedures. The globulin fraction of the antiserum pool was conjugated with fluorescein isothiocyanate as described by Todorov, Wilkinson & White, 0968) . The resulting conjugate was purified by DEAE-cellulose column chromatography followed by overnight absorption at 4 ° with HEp 2 cells. The conjugate was then clarified by Millipore filtration (pore diameter 450 nm.) and stored in 2-0 ml. amounts at -20 °.
Cells were fixed for 3o min. in carbon tetrachloride at 4 ° as described by Shiratori, Osato & Ito 0967), dried at room temperature and stained overnight using the direct immunofluorescence method. In all experiments Iooo cells were counted on each of two coverslips, and the number of fluorescent cells was expressed as a percentage of the total number of cells. For the calculation of virus infectivity this percentage was corrected to allow for cell division (see Discussion).
Quantal titrations. Serial tenfold dilutions of the virus in ETC were prepared, and 4 x 0"5 ml. samples of each dilution were mixed with 0. 5 ml. HEp 2 cells (2"0 X IO 5 cells/ml. in ETC) in 5" x 3" tubes and kept stationary at 37 ° overnight. An additional 2-o ml. of ETC was added the following day and the tubes were rolled at 37 ° . The medium was replaced at 3-day intervals either by Eagle's medium containing 2 ~oo calf serum or by ETC. The tubes were examined daily for CPE and after 9 days the end point was calculated by the method of K~irber 093I).
In further experiments, cells and virus dilutions were shaken together as described for the fluorescence assay and after 2 hr 4 x o. 5 ml. samples from each virus dilution were added to 5" × 3" test-tubes. These were kept stationary overnight at 37 °, then 3"0 ml. ETC was added to each and the tubes rotated at 37 °. The cultures were examined after 5 days and any CPE recorded. Cultures which did not show CPE were suspended by a trypsin-versene mixture and subcultured into 4 tubes, using ETC medium. These subcultured cells were fed with ETC and examined daily. When any showed CPE the original culture was recorded as being infected. After a further 5 days the tubes still not showing CPE were subcultured and the titration was terminated on the I4th day.
RESULTS
Time and site of appearance of virus antigen
Clarified virus was mixed with an equal volume of HEp 2 cells (final concentration 2.o x ioS/ml.) in ETC and shaken for an arbitrary period of 2 hr. The cells were then plated on coverslips, and these were harvested at intervals over a period of 75 hr. In initial experiments, no antibody was present in the overlay, but subsequently o.I ml. of an antiserum against M~ 5 with a neutralization titre of 1:5ooo was added to the overlay either 6 or I6 hr after initial plating.
The results ( Fig. I) show that both in the presence and absence of antibody no fluorescent cells were detected before 3 hr, at least when the multiplicity of infection was low (o'o5). A proportion of fluorescent cells was reached 55 hr after infection which did not increase during the next 2o hr. Uninfected cells treated identically increased 2"5-fold during the 65 hr incubation period.
Antigen was first detectable in the nucleus of cells at 35 hr. (Fig. 2a ). The majority of such IP: 54.70.40.11
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Fluorescence assay of foamy virus 279 cells were uninucleate but a few had several nuclei which all fluoresced ( Fig. 2b) . Multinucleate cells were also seen in control cultures although these did not fluoresce. Cytoplasmic fluorescence appeared after 4o hr in a small number of cells and at this stage was most marked around the nucleus. This staining then spread throughout the cytoplasm, giving a diffuse fluorescence which became brighter than that observed in the nucleus (Fig. 2 c) . At a later stage the nuclear fluorescence diminished or disappeared (Fig. z d) and ultimately the cytoplasmic staining became granular in many cells ( Fig. 2e ). After about 7o hr the number of syncytia increased rapidly and most contained over lo nuclei. In the majority of these syncytia the nuclei showed no significant fluorescence (Fig. 2f) . The cytoplasm of such syncytia showed either diffuse or granular staining. The distribution of antigen in the nucleus and cytoplasm of infected cells over the 75 hr incubation period is shown in Table I .
Rate of virus adsorption
Clarified virus was shaken at 37 ° with HEp 2 cells (final concentration 2 x ro 5 cells/ml.) in ETC, and samples were withdrawn at intervals up to 6 hr. The cells were centrifuged, resuspended in 5 hal. ETC, and plated on coverslips. After 65 hr incubation they were stained and counted. The results (Fig. 3) show that the percentage of fluorescing cells increased for 2 hr and remained constant thereafter. Fig. 3 . Adsorption of foamy virus to HEp cells at 37 °, Cells were shaken with foamy virus for 6 hr and samples withdrawn at intervals. The cells were sedimented, resuspended and plated on coverslips. After 65 hr incubation, eoverslips were examined by fluorescent antibody staining. Fig. 4 . Proportionality between the percentage of cells fluorescing and the relative concentration of foamy virus.
counted, and gave a mean infectivity of 4"46 (S.D. + O'46) × tO 4 fluorescence forming units (f.f.u.)/ml. The method used to calculate the virus infectivity is considered in the discussion. Titrations set up at weekly intervals over a period of 5 weeks with a separate stock of clarified virus stored at -2o ° showed a similar reproducibility of results with a mean infectivity from five observations of 3"72 (S.D. +0"3) x ~O 6 f.f.u./ml.
Comparison of fluorescence and quantal titrations
Initial titrations in which cells and virus were mixed without shaking and examined for 9 days gave infectivities which, for the same virus preparation, were c. Ioo-fold lower than those obtained by the fluorescence method. This discrepancy was marginally decreased when the cells were maintained continuously in the presence of growth medium (ETC) but the resulting monolayers were too thick to allow unequivocal identification of foci of infection near the end point. When the cells were infected by shaking with virus for 2.0 hr, subcultured twice and examined for 14 days, the indicated virus infectivity increased, and was in agreement with that obtained by the fluorescence assay (Table 2) . 
Sensitivity of several cells lines for the detection of foamy virus
Virus was shaken with continuously cultured cells derived from vervet monkey kidney, rabbit kidney (RK I3) cells and hamsters (BHK 2I) cells using the technique described for HEp 2 cells. The latter were also included for comparison. All cells were harvested after 65 hr at 37 ° and stained as described. The results (Table 3) indicate that all the cell lines tested support virus growth but show a small variation in sensitivity.
DISCUSSION
Calculation of virus infectivity.
This was complicated by the fact that uninfected cells plated in conditions which were identical to those used in the test increased 2-5-fold during the 65 hr incubation period. This increase was corrected for by using the formula where D = final virus dilution factor in the shaken cell-virus mixture. The use of this correction factor implies that cells infected with foamy virus do not divide. This has not been demonstrated rigorously but at high virus dilutions more than 9 o ~ of the foci of infection detected by fluorescence appeared as single cells.
Cell lines used for foamy virus titration. Cultures of kidney tissue from many species of monkey are often spontaneously infected with foamy agents (Plummer, I962; Stiles, Bittle & Cabasso, i964) and are thus unsatisfactory for the routine assay of the virus. This problem can be avoided by the use of cultures of rabbit kidney (Brown, I957) or Erythrocebus patas monkey kidney, which are invariably free from foamy agents (Plummer, I962). More recently it was shown by Clarke & Attridge (I968) that HEp 2 cells could also be used to propagate foamy agents.
The present results show that when a fluorescence assay system is used, HEp a cells are at least as sensitive in detecting the strain of virus used as are monkey kidney or rabbit kidney cells (Table 3 )-It is interesting that BHK 2I cells can also be used to detect the virus both by cytopathic effect (J. K. Clarke, unpublished data) and by fluorescence assay and may be slightly more sensitive than the other cell lines tested (Table 3) .
Validity and sensitivity of fluorescence assay. The most important criterion for a virus assay is that the number of foci of infection should be proportional to the virus concentration (Cooper, I96I) . This condition has been fulfilled by the technique described (Fig. 4 ). Furthermore, it was shown that the results obtained were reproducible both when replicate samples were assayed simultaneously (mean of Io observations 4"46 (S.D. _+ o'46) x IO ° f.f.u./ ml.) and when a virus stock stored at -2o ° was assayed at weekly intervals (mean of 5 observations 3.72 (S.D. _+ O'3) x IO 6 f.f.u./ml.). This latter result is consistent with the finding of Plummer (I962) that foamy viruses are stable at -zo ° for long periods.
When the foamy agent was titrated in parallel using fluorescence and limit dilution methods it was found initially that the limit dilution technique gave infectivities about zoo-fold lower than those by fluorescence assay. This discrepancy in infectivity was much diminished when infected HEp 2 cells were fed with growth medium and subcultured twice in order to allow prolonged examination of monolayers of adequate thickness. It has been found, however, that in cultures inoculated with limiting virus dilutions the cytopathic effect was frequently confined to a few foci of infection, even after 14 days incubation. It is evident that the fluorescence assay provides a method for the titration of foamy virus which is quicker, more accurate and no less sensitive than the alternative quantal titration.
Carski (I96O) has already applied indirect fluorescent antibody staining to the screening of monkey kidney tissues for foamy virus infection. The present results suggest that direct fluorescent antibody staining may provide an equally useful screening method for foamy virus.
Antigen distribution. The pattern of antigen production and transport for foamy virus resembles that described for influenza A virus by Fraser (I967) with nuclear fluorescence followed by cytoplasmic fluorescence associated with diminution or disappearance of antigen from the nucleus. However, the rate at which these events occur is much slower for foamy virus since most cells have no detectable antigen before 35 hr. While this period may be shorter at higher virus concentrations no fluorescence has been seen before I8 hr (W. A. Fleming, unpublished results) as compared with 2-5 hr for influenza A virus (Fraser, I967). The long period required for detection of foamy virus antigens is not unique since cells infected with visna virus at a multiplicity of 4 TCD 5o/cell produce no detectable antigen before 24 hr (Harter, Hsu & Rose, I967) . The pattern of fluorescence described here for HEp 2 cells is in agreement with the original work of Carski (196o) although exact comparison of the results is not possible since the inoculum used in that case could be detected directly and consisted of aggregates of virus and cell fragments which probably infected an occasional cell at high multiplicity.
Since recent studies of a cattle syncytial virus (Malmquist, van der Maaten & Boothe, I969) suggest that it has a morphology similar to that of foamy agents (Clarke, Attridge & Gay, 1969) it is interesting to note that the distribution of antigen in cells infected with cattle syncytial virus included granular nuclear staining with some perinuclear fluorescence and both diffuse and granular cytoplasmic staining (Malmquist et al. 1969) . This distribution parallels that for the foamy agent. Since it is unlikely that viruses derived from monkeys and cattle are identical the possibility arises that viruses belonging to the same group as the foamy agents are more widespread than previously suspected. In this connexion the preliminary report of Hsiung (I968) that a foamy agent has been isolated from human kidney warrants further investigation.
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